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ABSTPACT  (Continum  on  rmvfmm  tid^  It  n.c...«r  mtd  tdmtity  by  bloc,  mmb^r) 

A Michelson  interferometer  is  used  to  measure  infrared  radiation  in 
emission  from  a gaseous  discharge  column.  The  discharge  column  is  contained 
in  a 30-meter  pathlength  cell  using  a 12-meter  central  electrode.  By 
optically  triple  passing,  the  equivalent  pathlength  achieved  through  the 
discharge  column  is  36  meters.  Spectral  resolution  near  5^  l/cm^^^is 
obtained.  Sample  spectra  in  the  l800  - BOOCy^cm”^  region  are  presented. 

The  discharge  column  consists  of  a 1-meter  diameter  steel  tube  with  a 
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"'^.central  electrode.  It  is  powered  by  an  AC  supply.  Power  dissipation 

! ranges  from  1 to  U kilowatts.  Due  to  the  discharge  geometry,  pressure  is 
\ limited  to  the  range  of  0.1  to  0.6  torr;  however,  broad  adjustments  in 
i current  density  are  possible  over  this  pressure  range. 
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This  contract  is  (l)  t create  a discharge  condition  similar  to 
those  existing  in  the  upper  atmosphere,  and  (2)  to  study  the  infrared 
emission  spectra  of  atomic  and  molecular  nature  which  are  generated 
from  it.  The  work  desc riled  in  tills  scientific  report  represents  our 
effort  made  during  the  first  year  of  a multi-year  program.  Our  principal 
sciiemc  of  experimeni  is  to  utilise  the  technique  of  Fourier  spectroscopy 
for  observation  of  the  infi'ared  emi.ision  generated  in  low  pressure,  long 
pathlength  flow  discharge.  Since  an  insignificant  amount  of  information 
is  available  in  literature  for  the  laboratory  study  of  the  infrared 
discharge  emission,  our  main  effort  has  been  concentrated  to  develop  the 
technique  most  adaptable  to  our  need. 

During  this  phase  cc  work,  we  have  succeeded  to  produce  a very 
stai'le  aischarge  coniition  whicl.  is  essential  *'or  the  spectrometry  using 
the  your'--"  ^ *'c!ini  ojic- . V.’o  believe  that  t'ne  problem  of  generating  the 
infrared  emission  srect.-a  has  been  solve!  at  least  to  our  satisfaction. 
The  recovered  spectra  shew  a go- -d  signal-to-noise  ratio  with  a spectral 
resolution  of  1.0  cm  ‘ , a figure  currently  achieved.  The  interferogram 
recording  scheme  used  in  ’■'ne  measurement  is  antiquated  and  preventing  us 
t'rom  extending  the  maximum  path  difference  much  beyond  the  presently 
achiev'ed  figure  of  1.0  -cm  *.  Within  the  next  few  weeks,  we  will  intro- 
duce a new  recording  scheme,  expecting  to  improve  the  resolution  to  a 
figure  of  0.1  cm  , the  limit  imposed  by  the  interferometer  currently 

.l.TCU  . 

Th''  scientific  '‘eport  which  is  contained  in  the  following  pages  was 
presented  -at  ■‘he  iO'^T  Fall  Meeting  of  the  Opjtical  Society  of  America 


hel-j  at  T'ronto,  Canada. 
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This  repoft  cuveiT,  work  Jono  in  the  first  yeai'  > f u multi-year 
conti-act  to  determine  the  infrared  spectra  of  atoms  and  molecules  utider 
conditions  similar  to  those  existing  in  tiie  upper  atmosphere.  Low 
pi’osrure,  loiig  pathlei.gt  (i  electronic  flow  disch.arges  are  genei’ated  in 
various  gases  and  the  resulting  emission  spectra  are  ub’aitied  by  means 
of  Courier  spectroscopy . Tiae  discharge  facility  and  data  handlii*g 
system  are  described . 

As.  evi.ietice  of  the  capability  of  the  overall  syrte.m,  saraile  spectra 
nt-e  presented  of  some  of  the  species  (fO,  CO^,  il^,  ill,  01)  radiating  in 
the  i &0C  to  7900  cm  ■ r.pectral  region.  Optimum  resolution  to  date  is 
Av  - .96  cm  This  effort  continues  with  the  curren*  dijective  of 
ii'.cseas’.  r.g,  t.i.e  resolvlnr  power  of  the  spectra,  and  a subs.tanti  al  increase 
•f  the  fi.  w rate  of  tt.e  aisoharge  to  decrea.te  the  effects  of  cs  ntaminants . 

riXPliRIMifllAL 

The  discl.arge  column  i -s  contained  in  a sto-el  vessel  'Fig.  l)  one 
meter  i .n  aiameter  anu  33  meters  loiig.  A 1 r-meter-long  polished  alu.minum 
electrode  is  centrally  suspended  in  the  midsection  of  this  tank.  This 
cei'.Lra!  electrode  ar.u  the  tank  walls  form,  the  dischar-ge  configu.’'ation . 

The  cischarge  is  pow^-rod  by  a 10  kw  variable  60  Hr.  supply  (Fig.  2). 
Due  to  the  imgh  power  uissipation,  the  central  electrode  i water  cooled. 
Ty.iicai  operat.in/t  C'.nuitLoi.s  are  2.5  kw  (V  ^ 1000  7AC,  i = 2.F  .1)  supplied 
to  the  uischarge  and  1 kw  dissipated  in  the  load.  ’T’he  uisch.arge  my  be 
operates  ir.  the  pi-essure  range  of  200  to  bOO  raillitorr,  lepending  on  the 
gas  undo!-  cotis  i d'’-ra' Ion.  Py  v.ariation  of  ' he  pressure  an  i .c.ad,  stable 
operating  oc<n  lit  ions,  can  be  achievei  over  prolongca  period..--  of  time.  As 
ti.e  presr.uvt;  range  is  linitea,  current  density  is.  es.sentinli.v  tne  only 
i tuiepenaent  v.ari.ab'. e .affecting  discharge  conditions. 

Tile  optical  system,  consists  of  two  l-rnetf  r diam.wt-T,  •’ 3-r-.'’t<-r  focal 
leiigth  spherical  mirrors.  The  mirrors  are  focused  n one  an •'ther, 
rosultinr,  in  three  passes  through  the  discharge  column,  f r -in  equivalent 
optic.al  path  of  3^  meters.  The  resulting  f/33  be;im  is  then  collimated  by 


u K3r  U'tiP  and  entern  the  i i.terforomoter , an  Idea] ah  1 F6  that  has  been 

modified  fo!'  use  in  tiie  1 to  6 ir.icron  region.  The  inl.erferoraeter  uses  a 

CaF  beamsplitter  and  Itu'h  anci  rbS  cooled  detectors.  Its  altimate 

a -1 

resoi-Vinft  power  is  near  Av  a.  0.1  cm  . The  path  difference  is  monitored 
with  a Ke-de  laser. 

There  are  two  tiasie  data  i;andlitp!:  systems  presently  available  or 
near  completion.  For  the  spectra  presenteil  in  this  report,  the  Inter- 
t’ercfU’a-T.r  were  nunohea  oi.  I'aper  Tape  and  subseiruent.ly  the  data  was 
placed  on  a CPC  o600  computer  for  the  Fourier  transformation  and 
subse.Tuent  plot.  Tl.is  naddio  w-iile  workcable,  is  extremely  time-consuming 
(slow  pane:,  rate)  tukI  has  some  iniierent  limitations  as  to  the  number  of 
data  points  th;t*  ay  he  taken  ( 1 oK ) a;M  the  resolution  of  the  A'D 
cotiversl  I.'.  (.■;  3IT;’)-  Th.ir-  syst>’m  lir.'ts  !-er.ol’ut  ion  to  about  Av  ^ .n  cm  ^ 
Hear  .m;  e' i on  now  is  the  .',/.,tem  (luti.'ned  in  Fig.  3.  iiere  the  radiatioti 
from  t;.e  oii sc'..arg>-  coliuiin  (alr-ady  chopped  at  1 ?0  Hs)  ei.ters  the  inter- 
fer  meter.  The  det.ec’or  signal  ( in  ‘ erferogr-am. ) is  synchronously 
amp..ificd  and  p.-issei  • > a 1.’  alT  A/D  convertor  l<->cked  to  the  inter- 
ferometer's latter  r-ignal.  The  A/D  output  is  passed  through  a parallel 
interface  to  a DF(’  Ddl  11/03  mii  tii  cor.rr.*  •'.>  j st'red  on  a floppy  disk. 

The  Intert’erorram  is  then  transrrdtted  vi-i  a serial  interface  and  a time- 
sliaring  sy.ttem  t.o  th.'  CDF  ('oCC  for  prooessinr. 

• j * . ; ^ 

.'«■  me  •ar.ier  (i9'i'*-7^)  spectra  of  the  discharge  column  wore  taken 
Wi  • . .an  int  erfe'rom'-*  ■ r n.n.i  dat.a  retuction  system  provided  by  Dr.  Randail 
Turtit.y  of  AF'IL.  Thes.e  are  low  rese.,'.;-  ion  spectr.a  (10  cm  ‘ < Av  < 50  cm 
as.  tiie  per.atitig  time  tine  dis.’harge  column  wa.t  limited  due  to  the  fttct, 
that  trie  cent.ra'.  eiec'rode  at,  the  time  wa.'t  not  water  c oled,  and  the 
■ "Verai.  s Tiect romet  >•  i e r.yst.em  w.as  set  up  for  low  resolution.  Fig.  U siiows 
a nitrogt'n  flow  di. -charge  spectrum  in  tlie  Pbf'  region.  The  molecul.ar 

el  e-' * ["on  i >_■  b.and  s'-ruet.ure  ot’  the  B'Vi  -►  A^T.  system  is  indicated  accorline 

1 

to  the  seneme  o‘  ; .aum  at;  i Fenesclt.  Fir.  5 indicates  the  spectr'.am  of  .an 
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o\ytvr\  IM-'W  iliiichart't*.  'I'ho  sipni  fl  caiit  l‘eatur<>r!  )iere  -ife  a'.omii'  oxyf'eri 
liner,  at  om  *,  om  \ -^773  cm  ji)17  cnr\  and  •(■'*'^6  cn'^ 

'i'iiece  have  prcvioualy  been  identified  by  Saum  and  Bonesch.“  Both  the 
ni;rof;en  and.  oxA'f.cn  spectra  were  compared  to  a black  body  spectr’.uri  at 
-’30;'  n.  'i'he  rpei-i.ra]  I’adiance  values  10  ^ to  10  ^ V.'/ciii^-dh-wavenuniber 
appear  to  be  typical  of  the  signal  strengths  that  are  encountered. 

.‘•'i..-,.  o show:',  the  spcct.runi  of  a nitrogen  flow  dir.ciiarge.  Trie  condition; 
unaer  which  this  spectrum,  was  obtained  were  the  following:  ?he  power 
.■■uprlle.i  to  the  di'sciiarge  '.^ns  ^ ? kw,  i.e.,  800  VAC  at  2.5  amperes,  and 
the  pressure  w.as  250  ;i:j  1 1 i ten- , It  took  3 iiours  to  take  the  .spectrum; 
iiowevt';:',  here  the  lin.iting  I’actor  was  the  spee.i  of  the  paper  tape  pui.ch. 

The  flow  rate  was  i ^’rain.  The  discirirge  acts  as  its  ow;:  chopper  (120  Kz) 
ana  thu.-;  the  powci'i.ne  frequency  is  used  as  .a  reference  foi'  synchronous 
I'e'ti  float  ion.  The  spectral  range  covered  is  l80t'  -»■  7900  cm~\  tj;e  lower 
limit  beit:,-  the  cutoff  freq'iency  of  the  InSb  detector,  while  the  'upper 
li::.lt  is  cue  to  the  sfur.pling  interval.  Spectral  re:',olution  is  Av  = 1 cm 
Figs.  7 thr.'iugh  30  siiow  this  spectrum  in  more  detail  iii  iiicreTi.ents  of 
250  cm  '.  It  siio'ild  be  noted  that  the  vertical  gain  is  not  the  same  for 
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all  tne  spectra. 

As  pet'tuips  could  be  expected,  the  strongest  spectr'al  features  are 
ca.ic..^d  by  impurities  CO,  CO^,  and  possibly  OK  and  ilK.  Electronic 
tra'..si  tint'.;',  i r.  rr.olecu.ar  and  atomic  nitrogen  are  also  obt^erved.  F’ro.m 
!'■  'o  Oi'.O  cm  * the  '0  vibration  rotatl.ii  barnis  predomir.-it  e.  .’’’rom 

>'  cir.  t-  . 2 9''.;  cm  ' the  fundairiental  band  of  CO,^  i ;?  clearly  defined 
Cr"  -.  In  ; fi''  2t‘'.o  cm  ‘ to  3500  cm  " region  several  1 an.:  systems  have 

bee;.  :'.ehe.':..'i  t i cal  ly  itidicated.  The  wide  spacing,  of  the  emission  lines  in 
.ui  spcct  ra  (high,  rotational  constant  % 15  c;n~^‘ ) indicates  viuration 
rot.'i‘'iori  t.'in  of  OH  and  7H.  We  feel  that  higlier  resolving  po'wer  is 
iccirab';'  f r c-g-iplt  'e  anaiy.sis  of  this  spectral  region.  Anoti.er  CO, 
•’catui'e  'll  p*"ir.'  a’  3700  .’.m  '.  t-'roni  3.800  cm  ^ to  66OO  cm”'  there  ar-'  some 
cna.  : fea'ur-cs  -as  yet  not  ilentifieti.  Between  hbOO  and  7700  cn." ' we  again 
tnv.  e].  'trorjic  t ratiS '!  • i ons  in  moiec'ular  nitr.  gen.  Al  .so  atoriic  nitrog,en 
is  i).'"rv>  i at  .'n  ^ and  7'*'*^*  cm  \ 


t 
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coNri.iisroN 

We  .'lave  ahown  that  diirin;':  the  first  y<?ar  of  tiiis  contract  we  have 
ostaia  i riled  a low  pressure,  long  pathlengt.h  gaseous  disciiarge  facility 
effpi'tively  simulating  conditions  in  tiie  up]'er  atmosphere.  The  infrared 
radiant  fl'ix  from  the  discharge  column  is  sufficient  to  produce  specti'a 
wit;,  good  f'/H.  With  Mie  new  data  handling  system,  and  a faster  pumping 
system,  both  under  coristi’ust  i cn , we  will  be  able  to  produce  higher 
resolving  power  (Av  ^ .1  cm  emirsioi.  spectra  of  the  atmospneric  gases 
with  lower  impurity  conteni. . 
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mSSES  THROUGH  THE  DISCHARGE  COLUMN. 


OF  TUBE  INDICATING  BASIC  ELECTRICAL 
CONNECTIONS. 


FIG.  3 DATA  COLLECTION  AND  PROCESSING  SCHEME 


FIG.  5 EMISSION  SPECTRUM  OF  AN  OXYGEN  DISCHARGE 
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